Study of the N=50 shell closure close to $^{78}$Ni by Verney, D. et al.
Study of the N=50 shell closure close to 78Ni
D. Verney, F. Ibrahim, O. Perru, O. Bajeat, C. Bourgeois, F. Clapier, E.
Cottereau, C. Donzaud, S. Du, M. Ducourtieux, et al.
To cite this version:
D. Verney, F. Ibrahim, O. Perru, O. Bajeat, C. Bourgeois, et al.. Study of the N=50 shell closure
close to 78Ni. Latinamerican Symposium on Nuclear Physics 5, Sep 2003, Santos, Brazil. 34,
pp.979-982, 2004. <in2p3-00020420>
HAL Id: in2p3-00020420
http://hal.in2p3.fr/in2p3-00020420
Submitted on 10 Feb 2004
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 
	ﬀﬁﬃﬂﬂ! "ﬂ	ﬁ# $ﬂ%	ﬁ&	('*)+-,
.0/21436587ﬃ3*9
:;=<>8?@ABDC+C+EF2GH@JI*KLE"GMONP+QﬁR&NQ6S+QUTC@VLW%P+RﬃXUQ
Y/[Z]\"56^H_"`baOc2d0/+e3U5858fJc"d0/gh^Hi83j^k*c"l=/gmHf"56n3*mﬁ`bo*cﬃY/[l4pb^Hq"`b3U5ﬁc"rs/"lmk8k83U563*^HfJc"l=/.=mH72t*^ﬁfﬃuLcLvﬃ/.fc
w&/+.fﬃx*mﬁf$56k`b36fﬃyﬃcJvﬃ/+ro8o8^H\2^^$czvz/|{=^Hpb}*o*c"~4/|{=^Hf2u$3U56mH9cﬃ.0/|{sf$`ppb3*a^Hf2u|%wOf23pp3U5ﬁcLY/+^aa^x8_ﬃ3c
Y=mo7$`c2l=/ﬁ~^ﬁfc[0/ﬁ~36mH56k*c+Y/ﬁ~J3g4pb^ﬁ7ﬃxc"Ł!/l=/ﬁwOf23Uppb3U5ﬁc"0/e^Hf"36pbo*c"$/l=/ﬁemk`b3U5ﬁc+Y/emHf2nH_23*mH7Jc
$/"e56mﬁfﬃo8k*c2g=/ﬃmﬁfﬃo8o`b}U563cJ$/Lv+^Hf2H^n3czd0/Lv+mH58p`7
>8B<s@h+I*KLE+MW8*P+X6QUS+Q6T@LVLWP+RﬃX6Q
H++$+¡ "¢4££4¤¥¦ §%¨©+ª+«6¬­¨ﬁ®©ﬃ¯ ¢¬%¨H°¡6±£²ﬁ©+­¨H²ﬁ«6¬­ ³±£4­«8+6±U®´¤46ª+¬§%¨ﬁ®+±8µU¶·$6§­°¡6®¬%²H¸
·+§¨ﬁ¹ﬁ§²ﬁ°+²H±Jº$66®¡·+²H§%¬¨*³L¬%+§6«U6®¬L£»¼½8¾2¨H§%¬±L³¦¨ﬁ§¬%+©+6±­¹ﬁ®=¨*³L¬%+¿ À£¢4ÁLÂ·+§%¨*Ã6«U¬J²ﬁ¬Ä¢4¤ÀÁÅ
+! $¢£4£¤*Â±6¬ÇÆ]ª+·O­®+±¬%²ﬁ¸¸U©²ﬁ¬ÀÇ J¤ÆÇÈ4§±%²*É²H¸¸¨jÊ±=¬+¡ª+±%¡¨*³¬%+¡ﬃ²ﬁ®+©+U°Ë²ﬁ±=²©+6ª+¬6§¨ﬁ®©+§­Ìﬁ6§
­®¨ﬁ§©+6§4¬%¨0·+§%¨©+ª+«6°¡²ﬁ±±±%U·+²ﬁ§²ﬁ¬%U©¡Í"±±%­¨H®!³¦§%²H¹ﬁ°¡6®¬º"U²ﬁ°¡±6Å+=°¡6²H±%ª+§6©ÎÍ"±%±­¨ﬁ®0³§²ﬁ¹ﬁ°¡U®¬É­6¸©+±
·+§¨jÌH6©¬%¨0º"¡+­¹ﬁU®+¨ﬁª+¹ﬁ¬%¨ª+®+©+U§%¬²ﬁÏﬁ²!±6§­6±¨*³Ð$Æ©+6«6²*É06¶·"6§­°¡6®¬±J©+U©+­«6²ﬁ¬6©²ﬁ¬±¬%ª+©+É­®+¹¬+
±¬%§ª+«6¬ª+§%s¨*³h·+§¨ﬁ¬¨ﬁ®Æ©+8Í+«6­8®¬®ª+«6¸6­«6¸¨ﬁ±¡¬%¨¤ÑhÒÓ+ÅÔ!§6·$¨ﬁ§¬h+U§%¡¨H®´¬Ê¨±ª+«86¶·"U§%­°¡U®¬±UÕ[¬+
Í"§±%¬º$6­®+¹0©+6©+­«6²H¬%U©²ﬁ¬¬+¡¨ﬁº+±6§Ìj²H¬%­¨ﬁ®¨*³¬+¡©+6«U²*É¨*³Ö8×Ä²ØOÖ8×ÄÙ¥]ÚﬃÑ4ÛÂÕL¤ÑhÒ[Üjµ8ÕLÖ8ÝÄ²ØOÖ8ÝﬁÄ
¥Ú2Ñ4ÛÂ[Õ¤hÑÒﬁÂHµ²ﬁ®+©0¬%+±6«6¨H®+©¡¨*³J¬+h©+U«6²*É=¨*³JÖ*Þ6Ú$®"ØOÖ*ÞßÄÙ²¥]ÚﬃÑ4Û+ÜﬁÕ¤hÑÒ*Óµ²ﬁ¸¸¨*Ê­®+¹³¨ﬁ§¬+Í"±¬¬%­°¡
¬+­®+©+6®¬%­ Í"«U²j¬­¨ﬁ®4¨*³"²³UÊà!¸­®+U±LÊ­¬¬§%²H®+±%­¬­¨ﬁ®+±"­®=¬+©+²ﬁª+¹ﬁ¬%U§"®ª+«6¸6­H¬%ª+±ﬃ·+§%¨*Ì­©+­®+¹¬%+°¡²ﬁ¬6§­²ﬁ¸
³¨H§²·+§6¸­°¡­®+²ﬁ§É¹ﬁ¸­°¡·+±¨*³L¬+6­§±¬%§ª+«6¬ª+§%HÅ
á âJãOäåhæç&è&ésähêæã
ëﬃìLíHîî4ï2ð|ñòUíﬁó¦ôﬃõ%ö$ò6÷ﬁíﬁø-íﬁôﬃù6úð+ôLû&ûLó¦újð|ñLñíð+ò*ð+ôL÷ﬁíHúñò6ö+ü"íHûýù6ö-þJíß¡ó¦ûLíHú6ñLòUíð+ûýó¦ô&ù6ìíô L÷ﬁî¦ó¦ûLí
÷*ìJð+òUù


ìLíﬀ÷ﬁö$ôLú6ùUóù Lù6í-ó¦ôﬀø ö"úUùö2÷H÷ð+úUóö$ôLúOù6ìLí LôLûLíﬁòUî2ó¦ôLïþJð+úUíﬁø íﬁôﬃùö|õ!ù6ìLí-ø ö$ú6ùó¦ô	
ù6íHò6íﬁúUù6ó¦ôLï õ%íð|ù
 LòUíﬁú ö|õ ùUìLíýô L÷ﬁî¦íð|ò úUù6ò
 ÷ﬁù
 LòUí½õ ð+òOõò6ö"ø ú6ù*ð+þLó¦î¦ó¦ù

ô ÷ﬁíﬁò6ù*ð+ó¦ôË÷ð|ú6íﬁú&ùUìLí
ó¦ø ñö"òUùjð+ô÷ﬁíö+õù6ìLíHú6íOñLìLíﬁôLö$ø íﬁôðOß ð|ú¡ú
 L÷*ì½ù6ìJð|ù¡ù6ìLí Líﬁú6ùUó¦ö"ôýùUö2ôö+ßUìLö+ß øð+ï$ó¦÷ð+òUí
ù6ìíøð|ï"ó¦÷¡ô LøþJíHò6úsõ ð+ò=õ%òUö"ø úUùjð|þLó¦îó¦ù!÷ﬁö Lî¦ûþí Ló¦ù6íòUóï$ìﬃù6îòjð|óúUíﬁû

 ò!ú6ù LûLó¦íﬁúð+ó¦ø
ð+ù¡÷Hö"ôﬃù6òUóþ Lù6ó¦ôLïOù6öùUìLí LôLûíﬁò6úUùjð+ôûLó¦ôLïö+õù6ìíﬁú6íõíð+ù Lò6íﬁú0þ ñLòUö"þLó¦ôLïOù6ìLí ú6ù6óﬀôLíﬁúUú!ö+õùUìLí
ﬁﬃﬂ !
ú6ìLíHîî=÷ﬁî¦ö"ú Lò6í&ð+ôLûﬀó¦ùUúó¦ô"# Líﬁô÷ﬁí ö$ôﬀù6ìLí-ú6ù6ò L÷ﬁù Lò6í&ö+õ!ùUìLíñLòUö"ù6ö$ôﬀûLí%$J÷HóíHô2ùô L÷HîíHó
ù6ö+ß¡ð+òUûLú&
'
ﬁ
ó


ìLí&ú6ù6ò L÷ﬁù Lò6íýö|õ!ù6ìLí
ﬁ ﬂﬃ!
ô L÷HîíHó¡óúﬃôLö+ß¡ô½õ%òUö"ø þJö$ù6ì()	8ûLíﬁ÷ð*
ð+ôLû
ûLó¦ò6íH÷ﬁù!òUíð+÷ﬁùUó¦ö"ôýí+ﬃñíﬁò6ó¦ø-íﬁôﬃù6ú¡ûLö+ß¡ô&ù6ö
'%,
ëzí-/.0
21
íﬁî¦ö+ß øð+úUú4365)7
'98;:
ú!ß¡ð+ú¡ñö"ñ Lîð+ù6íHûó¦ô
ù6ìíûíﬁ÷ð*ö+õ2'%8=<í-?>;0hð|ôLû@'A<í0ó¦ô ù6ìíûíﬁ÷ð*ö+õ2'A<ðB-DC;0


ìLíﬁòUí*õ%ö"òUíE7GFH	 úUñJíﬁ÷Hù6ò6ö$ú6÷ﬁö$ñýö+õ
$JúUú6ó¦ö"ô-õ%ò*ð+ï"ø-íﬁôﬃù6úù Lò6ôíﬁû&öE Lù¡ùUö´þíù6ìLí  LôLó Líú6ö Lò6÷Híö+õú6ñíﬁ÷ﬁù6òUö"úU÷ﬁö"ñLó¦÷ó¦ôﬃõö"ò6ø&ð+ùUóö$ôõö"ò
ù6ìíø-ö"ú6ùñò6ö"ùUö"ôOûLí%$J÷HóíHô2ù
ﬁ ﬂﬃ!
ó¦ú6ö$ù6ö$ôLíﬁúJIùUìLöE Lï$ì´ùUìLó¦úúUóù Jð+ùUó¦ö"ôó¦úî¦ó"íHîK0ù6ö÷*ìJð+ôï"íúUö2ö$ô
ù6ìð+ôGﬃúù6ö0ù6ìLí=ñLò6öﬃûG ÷ﬁù6ó¦ö"ôOö+õñJö$ú6ùhð|÷ﬁ÷ﬁíﬁî¦íﬁò*ð+ùUíﬁû ôLí; Lù6òUö"ôOò6ó¦÷*ìL<í=þJíð|ø úð+ù

ðME	
N¡ó¦ûLï$íEOú6íﬁí
ù6ìí÷Hö"ôﬃù6òUóþ Lù6ó¦ö"ô-õ%òUö"øQP
1
ð+òUûJð*2ð|ô ù6öùUìLó¦ú÷Hö"ôﬃõ%íHò6íﬁôL÷Hí=R
J
 Lò!ß=ö"ò÷ð+ô&þí÷ﬁö$ôLú6ó¦ûLíﬁòUíﬁûS7
ó¦ôDð-ú6íﬁôLúUíE7ð|ú´úUö"ø-íLﬃó¦ôLû½ö+õ!÷ﬁö$ô2ùUó¦ôT ð+ù6ó¦ö$ôö|õ ùUìLí ñLó¦ö$ôLíﬁíﬁòUóôïýßö$ò
U LôLûLíHò6ùjðM"íﬁô ó¦ôùUìLó¦ú
øð|ú6úò6íHï"ó¦ö"ôûG ò6ó¦ôLïùUìLí4V
!
	W3
!GX
úö"ôøð|ú6úú6íHñJð+ò*ð+ù6ö$ò6ú=î¦óK$í

N

ë

:
ﬁ
ö$ò

ë

N

ë-Y5*0ö"ñíﬁò	
ð+ùUó¦ôLï ð|ù!ìLó¦ï$ì"# G+-ôLí LùUò6ö$ôýò6íð|÷ﬁù6ö$ò6ú


ìLíLZ
:
N4N
ﬁ
í=> ú6íﬁùW	[ Lñ\Iú6íHí$Jï

.*R=ß ð|ú$Jò6úUù!þG Ló¦î¦ù
ù6öOú6íHò6ü"íð|ú!ðù6íﬁúUù!ûLíHü2ó¦÷ﬁíÎõ%ö"ò=ù6ìí ëZ

N
: ]
> ñLò6ö=^íﬁ÷ﬁù¡ù6öOö"ñù6ó¦ø ó_ﬁí=ù6ìLíü"ð|ò6ó¦öE LúsñJð+ò*ð+ø íHù6íﬁòUú
÷ﬁö$ôL÷ﬁíﬁòUôLó¦ôLïù6ìí!÷ﬁö$ô2ü$íﬁò6ùUíﬁò=ï"íﬁö$ø íﬁùUò
7ùUìLí!í;+2ùUòjð|÷ﬁù6ó¦ö"ô ð|ôLûOóö$ôLó_ð+ùUó¦ö"ôõ%ö$ò2$JúUú6ó¦ö"ôOõ%ò*ð+ï$ø íﬁôﬃù6ú
ñLòUö2û L÷ﬁíﬁûﬀó¦ôﬀðù6ìó÷%ýù*ð+òUï"íﬁù  LúUóôï ð ûLí LùUíﬁò6ö$ôﬀþJíð+ø


ìíú6ó¦ø Lî¦ùjð|ôLíﬁöE úJ Lú6íö|õ ð` ab
ùjð|ò6ï$íﬁù ð|ôLû ð0ñLîð+úUøð0ó¦ö"ô	8ú6ö Lò6÷ﬁí¡ö|õù6ìLí ced


ë

]
P f½ùﬃñíð+î¦î¦ö+ß=íﬁûL úù6öñò6öﬃûG L÷ﬁíø-ö"ú6ù
ö+õùUìLíù6ìLíôö"ô	8ò6í*õòjð+÷Hù6ö"ò&íﬁî¦íﬁø íﬁôﬃùUú=õ%íﬁû&þ$JúUú6ó¦ö"ôýð+ôûùUöú
ﬃú6ùUíﬁøð|ù6ó¦÷ð|îîø-íð+ú Lò6íù6ìíﬁó¦ò
í%íﬁ÷ﬁùUóü$í 2ó¦íﬁî¦ûLú=ð+ù=ù6ìLí0÷ﬁö"î¦î¦íﬁ÷ﬁùUóö$ôñJö$ó¦ô2ùgIú6íHí4$ï

.=Rh-

0
2i
ö$ò÷ﬁíﬁòUùjð|óô&ø-íﬁùjð|îî¦ó¦÷ó¦ö"ôúî¦óK$í4jô
õ%ö$ò!ó¦ôLú6ù*ð+ôL÷HíE7ùUìLíﬁúUí2ó¦íﬁî¦ûLú0ñLò6ö+ü$íﬁû½ù6ö þíOìLó¦ï"ìýíﬁôöE Lï$ìùUöíHô2üﬃó¦újð|ï"íúUù
 LûóíHúö+õùUìLíOûLíﬁ÷ð*
ö+õú6ö$ø íJ$ú6ú6ó¦ö$ôñò6öﬃûG L÷ﬁùUú!÷ﬁî¦ö$ú6íùUö
&'
ﬁ
óß¡ìLó¦÷*ì&ßíﬁòUíôLö$ùòUíﬁñJö$ò6ùUíﬁûþí*õ%ö$ò6í

.
k l m
n
l o
p q
r
l s
t
u v w w w x y v z v { | z
} ~              Ł    
               
                  ¡
¢
   ¡ 
£¥¤K¦§G¨
©ª«2¬®­6¯±°²S³¥³S´S¯%µ¶J·¸¹¸®¸º¯»6·¼º·;½º¾¼H¿K·ÀÁYÂYÁY½/ÃÄ·;½®½º­6¯2¬·Å6Æ6¯
¶Ç¾È¿É¥¼¹¸º·%Ã;Ê
Ë ÌÍ@ÎÐÏJÑ2Ò*ÓÔÏJÕÖ±× ØÙÎeÑ2ÚÛÄÏJÜeÝeÑ2Ï
ÞJßG©àá@áMâGãÐä)âUå
æ§G¨
ç©;åèÄ©;¨
©æEéGê%á6¤âG©ãÙèJ¤êßÐá6âU¤âGç¤ãG©âêﬃëì@íe©îïãG©;§Gê
©¨æEâUé#©*á6ðñ¤ðò
ó
¤âG¦¤Kâ¦æEâÙá¦¨9á
ó
ßG¤ê
©çæâôE©¨ê
©¨
óGõ
á6ç;©ãÙç
õ
æEå©ãÙêæ@ê
ß©Lö ÷øê9á6¨¦E©êù¹úEû¦@æMüÄý
þ%ßö 6çðeý
á6êëEûEûû÷MÞJßG©Jê9áM¨
¦E©;ê è áMå çæâGâG©çê©ã@êæLágßGæEêWò
óõ
áMå
ðeáJ¤æEâå
æ§G¨
ç©gæ6ü®ê
ßG©4í ú
	
ê
ó
©Já6ê ªEûû

÷ÞJßG©¤æEâGå®è©¨
©©ê
¨%á6çê©ã@á6êEûﬁﬀ*îﬃﬂ;ð á6åå®å
©
ó
á6¨9áMê
©ã§å
¤âG¦Jê
ß© "!#$#&%g©=ë
ð áMå
åJå©
ó
á6¨%á6êæE¨á6âGã ãG©
ó
æEå
¤ê¤K©;ãÐæâÐáðæ6ôEá6é
õ
©$!
õ
ò[çæá6ê©ãÙð'
õ
á6¨ê9á
ó
© ÞJßG©)(Uð@©=áMå
§G¨©%ò
ð@©;âTêå4è©¨
©ðeá6ãG© èJ¤KêßÐêèæ+* à ©ãG©;ê
©çêæE¨å@ùºëû,ñ¨©
õ
á6ê¤Kô©©-@ç¤©âç
óGõ
á6ç©;ãÇ¤Kâ\ª.Eû

¦E©;æEð@©;ê
¨ç
õ
æEå© ê
æê
ßG©
ó
æE¤âê áMêÄèJßG¤ç%ß@êßG© é#©*á6ð èJá6åãG©
ó
æEå¤Kê©ãÙæâTêæê
ß©ﬃê%á
ó
©2ÞJßG© ãG©%ò
ó
æEå
¤ê
ó
æ¤KâêJèJá6ågå
§G¨¨
æE§âGãG©ãÇé/ áBê
§Gé)©å
ß#á
ó
©ã
óGõ
á6åê
¤ç å
ç¤âê
¤
õõ
á6êæE¨JèJ¤ê
ßÐáMâÙá6çç©
ó
ê9áMâGç©
å
æ
õ
¤Kã áMâG¦
õ
©æ6üﬃâ©=á6¨
õ
10/2å
ê©¨9áMãG¤/á6âGåü¹æE¨43 ãG©ê©çê
¤æâ5 âGß#á6âç©ð@©;âTêæ6ü ê
ßG©ÙáMçê
¤ô¤ê
¤©å
æ6ü ¤âê
©¨©å
ê èJá6ågð á6ã©ﬃé/ð@æ6ô¤âG¦Lç6Tç
õ
¤ç=á
õõ
êßG©ê9á
ó
©Lá üºê
©¨ áåßGæE¨ê4éG§G¤
õ
ãò§
ó
á6âGã ãG©ç=á
ê
¤ð©7 á6ç%ßeå
¤âG¦
õ
©83Çæ¨&(Ù©ô©âê4èJá6å
õ
á6é)©
õõ
©ãeé9¤ê
åJæ6èJâÙá6éGåæ
õ
§Gê©ﬃê¤ð@©4ð©=á6å§G¨
©;ã@ü¹¨
æEð
ê
ß©ﬃé)©¦¤KââG¤âG¦LæMü ©=á6ç%ßeçç
õ
© èJ¤KêßÙá6â áMçç§G¨%á6çeæMü:0Tûû
ó
åJ§Gå
¤âG¦@á ãG©ãG¤ç=áMê
©ãUì*ò¹üºæ
õ
ã
ó
©=á;ﬀ
å
©;âGå
¤âG¦4! ÷Çç=á
õKõ
©ã@÷& í< ÞòWì>=@? ì6ABgæE§Gé
õ
©ﬁ3C'(@á6âGã'(DCE(@áMå è©
õõ
á6å ê¨
¤
óGõ
©ﬁ3CE(FC'(
çæ¤Kâç¤ãG©âGç©g©ôE©;âTêåÄè©¨©4çæâGå
ê¤Kê§Gê
©;ã á6âã¨
©çæ¨
ãG©;ã æâ
õ
¤Kâ©ﬂ6éG§Gê ¤Kê ¤Kå èÄæ¨
ê
ßð©âê
¤æEââG¤âG¦
ê
ß)á6ê å
¤âGç©©*á6ç%ßÇå
¤âG¦
õ
© ©ôE©âê¤å ¨
©;çæE¨ãG©ã èJ¤êßÙ¤ê
åLáMå
å
æç¤/áMê
©ãÇá6éGåæ
õ
§Gê©Lê¤Kð©ﬂ®á6â/Ùçæ¤âò
ç¤ãG©âç©L¦á6ê©ç=á6âUé)©§Gå
©;ãÐ¤âÙêßG©æ;G)ò
õ
¤âG©á6â#á
õ
å¤KåÞJßG©L©;âG©¨
¦HÙ¨
©;å
æ
õ
§Gê¤æEâÙá6ç%ßG¤©ô©ãÙü¹æE¨
ê
ß©Là © ãG©ê©çê
æ¨
å èJá6åJæ6ü êßG©æE¨ãG©¨gæ6ü ëIJ4ﬀ©î á6êªíe©î)KGá6ð
óGõ
©åæ6ü73Ç¦TáMê
©ãeå
ó
©çê¨9á
æEéê9á6¤âG©;ãÇãG§G¨
¤âG¦ ê
ßG©å©@©
ó
©¨
¤ð©âê
åá6¨
©¦¤ôE©âÇ¤âML#¦" ëÙáMâGãNeÞJß©@ð@©*á6å
§¨
©ã1¤©
õ
ãGå
è©¨
©eæ6ü4êßG©@æ¨
ãG©;¨æ6üﬃûªêæ ª
ó
©¨å©çæâGã\üºæE¨êßG© à áe¤å
æEêæ
ó
©å@á6âã áeüº©;è ê
©âêßGå
ó
©;¨
å
©;çæEâGã üºæE¨ßOÈä)â
PQRÙß%þS ßUT>V+WYXZR[;W/\]R9^`_aR9b;ced1R/fgHhÄÞJßG© ð á6ååÄå©
ó
áM¨9á6êæE¨ èJá6åﬁL#¨å
ê4å©ê æEâeð áMå
å&I
%4æi( á6ç;ê
¤ô¤Kê æ6üSß%þ=àágß#áMåÄé)©©â¨
©
ó
æE¨ê
©ã
ó
¨
©ô¤æE§å
õ
Lêæê
ß¤Kå©
ó
©¨
¤ð@©;âTê:gâ)L#¦"±ë
ó
á6¨ê
æ6üJê
ß©'3¦á6ê©ãÇå
ó
©çê¨
§Gð ¨©çæ¨
ãG©ãá6ê ð áMå
å4¤å ¨
©
ó
¨
©å©âê
©ã Þ2èÄæ
õ
¤âG©å èJßG¤ç%ßÐè©¨
©
§GâﬀâGæ6èJâá6ê2ðeá6å
å7HJè©¨
©gæEéGå©¨
ô©ã@á6ê7EììFﬀE©î á6âGãeª=ëHDﬀE©îﬃMÞJßG©¤¨2ãG©ç=áê
¤ð@©;å±èJß¤Kç%ß
ë
4.60 s866
time (s)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
counts
0
20
40
a)j
1238
1.85 s
time (s)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
counts
0
10
20
a)k
0.31 s
0+
Ga8331
83Ge32
32
82Ge
energy (keV)l
800
m
900
n
1000 1100 1200 1300 1400
0o
200
400p
600q
800
m
1348 keVr
1238 keV
866 keVs
countst
2+ 1348
n (40%)
Ge
A=83
a)
b)
Se
d)1238 keV
c)866 keV
β−
−nβ
β
β−
−n
uZvxwyz|{~}.ae:eŁ;ﬁ;eﬃe|e;&e;|&6ﬁJ'J;|J;;68ﬁ Ł;&6J
e;eeeJ6&Ł;&6;|¡|e;eJJ;¢£|ﬃJ)Ł;&¤¥¦;6$U§`J&&e|e;;
¨
e|8;|&;e¡xeŁ;7©JJ;76:6ªª&«­¬a®Ł;a;;;|$HeJ.FJ°¯6±²³µ´¶;´7&|:Z§`J&7e|e;
;
¨
eJﬁ;|Uﬁ;e¡Z£6KeŁ;©JJ;:6·U¸7«6­¬7®;eŁ;;;;|&HeJ.ﬁJ:¯¶6²³´¹²ﬁ&
º
{z{F»{»y¼6{»½z¾H¿ÁÀÂI{vxzÀ|v£¿{Ã|ÄK{6¼ÀzÅ)z{Äz|{Ã{6Æ9À|{»<vxÆ)¼.ÇÅ>Æ»'»KÇa¾Æ)ÈKw"É:}iÅ;z{&¼6¾ÆÃ|v£Ã|À{Æ/À
º
vxÀÂ<À|Â{)Ê9ÆI¾
º
Æ~Â"Å;ËÌ½­ÍË£vÌ½{¾>½°ÎÏ.ÐiÅÑÓÒ6ÔÉ$Õ&Â{6z{½¾Hz{
º
{'Å;À|Àz|v£ÖIyÀ{»µÀÂ{¿×À¾ÀzUÅ>ÆÃvxÀ|v£¾HÆÃ$vxÆ
ÎÏ.Ð{É]ØÀ)v£Ã'Ä"¾Ã|ÃvxÖËx{ÙaÀÂ¾HywÂ]zUÅ;À|Â{z'yÆIË£vxÊH{ËxÚ9ÙÀ|ÂKÅ;À)ÀÂ{6Ã{<À
º
¾ÛÀ|zUÅ>ÆÃvxÀvx¾HÆÃ'¾z'Å;À)Ëx{.Å;Ã|À
¾ÆI{+¾;½ÀÂ{6¿Ü½ÝÅ;ËxË7¾HÆ5ÅµÃyÄIÄËx{¿+{Æ/ÀÅ;zÚMËx{Þ{6Ë&ÃvxÀyKÅ>À{»]Þ{z|Ú1¼Ëx¾Ã|{~À|¾ÛÀ|Â{+wHz¾HyÆ»NÃ|ÀUÅ>À{É
Õ&Â{z|{½¾Hz{$vxÀ7vxÃ7»IvÓß+¼6yËxÀ7À¾4»I{»y¼{4ÅËx{ÞH{ËÃ|¼UÂI{¿+{D½z¾H¿ÁÀÂIv£ÃaÃÀyI»Ú9ÙÅ>Æ»'ÀÂI{&Ë£{6Þ{Ë"Ã¼Â{¿{
Äz|{Ã{Æ/À|{»N¾HÆ<ÖKÇFvxÆÈKwKÉ)}'¿'yÃ|À$Ö"{ﬃ¼6¾ÆÃ|v£»I{z{»NÅ>Ã4Å
º
¾zÊ/vxÆwÂ9Ú/Ä"¾À|Â{ÃvxÃÉ4à&ÀË­Å;ÃÀÙ"v£ÀvxÃ
º
¾zÀ|Â<¿+{6Æ9À|vx¾ÆÆvxÆw)ÀÂ"Å;ÀÀÂ{á.â>ã9ä)ÊH{åÁËxvxÆ{4¼¾Hzz{6ÃÄ"¾Æ»vxÆwÀ|¾~À|Â{ﬃæHç5èêéHçëÀzÅ;ÆÃ|vxÀvx¾Æ
vxÆ1ÎìÐ{
º
Å;Ãi¼Ëx{.Å;z|Ë£ÚMÃ{6{Æëv£Æ1À|Â{+àíäâÃ|ÄK{¼6ÀzUÅ1Å>ÃﬃvxÀ4vxÃ4Ã|Â¾
º
ÆNvxÆNÅHÇ¾ÆMÈKw"ÉÛ}IÉ<Õ&ÂvxÃ
¼¾HÆ/ÈKz¿ÃÀ|ÂKÅ;À
º
{Ãy¼6¼{ÃÃB½yËxËxÚ¿~Å;Æ"Å;w{6»+À¾)Äz|¾9»Iy¼{4ÎÏ;Ð4ÅÉ
î
ÆÅ)Ã|{¼¾HÆ»<ÃÀ|{ÄÙIÀÂ{4¿Å;Ã|ÃÃ|{ÄKÅ;zÅ;À|¾z
º
Å;Ã&Ã{6À$¾Æ¿~Å>ÃÃ&ä;ãKÉØÀ
º
Å;ÃﬁÞ{6zÚ+»IvÓß+¼6yËxÀ&À¾
ÈKÆ»M¾yIÀ
Å>Æ/Ú<Æ{
º
Ë£vxÆ{)ÂKÅÞ/vxÆw+À|Â{'»{¼ÅÚ<Àvx¿+{i¾;½Îï.Ð4ÅÀ|Â¾ywHÂ
º
{)Ê9ÆI{
º
½¾HzÃyz|{'ÀÂKÅ>À
ÀÂI{'ÎUïÐ4Å
º
Å>Ã4Äz¾/»yI¼{»1ÃvxÆ¼6{+ÀÂI{+äððÊH{åñËxvxÆ{)Äz{6Þ9vx¾HyÃËxÚÛÅ>ÀÀz|vxÖyÀ{6»1À¾ÛÅÀzÅ;ÆÃ|vxÀvx¾Æ
vxÆ+ÎÏ.Ð{
º
Å;ÃﬁvxÆ»{Æ/ÀvÌÈK{6»Å>w9Å>v£Æ'vxÆÀÂ{à8íä>ãﬃÃ|ÄK{¼6ÀzUÅIÉ
î
ÆI{8Ä"¾Ã|ÃvxÖËx{$¼Å;Æ»vx»KÅ>À{vxÃ Å
º
{.Å>Ê
ËxvxÆ{+¾HÖÃ{z|Þ{»òÅ;À'ä}óµÊ{å)Éô$Æ/½e¾zÀ|yÆKÅ>ÀËxÚ1vxÀ'Ã{{¿{»ëÆ¾À)À¾1Ö"{¼¾ÆõÈKz¿{»NvxÆ5ÅMz|{¼{Æ/À
{ö/Ä"{zvx¿+{6Æ9ÀÅ;ÀFØ÷
îøùú
Íû
ú7ü&ý
ÑÓä6ÔÉ8þ¾Hz{4»I{ÀUÅ>v£ËxÃF¾ÆM¾yzÐ4Å'ß"Í»{¼.ÅÚµ{ö/ÄK{z|vx¿+{Æ/À
º
vxËxË
Ö"{$½e¾yÆ»vxÆ~Å>Æ<Å;zÀ|vx¼Ëx{8À|¾'ÖK{ÄyIÖËxv£Ã|Â{»vxÆ
ú 
Ñ6ÔÉ
	ÛÎ
		ﬁﬀ	ﬂﬃ! "	$#&%&Õ&Â{iÄzvxÆ¼vxÄËx{4¾>½7ÀÂvxÃ${6ö9Ä"{z|v£¿{Æ/À$vxÃ$À|Â{4ÃÅ;¿+{4Å>Ã
ÀÂI{~ÄIz{Þ/vx¾yÃ)¾ÆI{É('1{+yÃ|{»1½¾HzﬃÀ|Â{'È"zÃÀ'À|vx¿+{
º
vxÀÂ1Ã|y¼¼{Ã|Ã<ÅÆ{
º
ÀUÅ>zw{6Àﬃvx¾ÆõÍÝÃ|¾yz|¼{
{ÆÃ|{¿'ÖËx{4¼¾H¿+ÄËx{À|{ËxÚ+¿Å;»{Ö/ÚÀÂ{
î
zÃUÅÚµwz¾HyÄ<yÃ|vxÆw+À|Â{ﬃØ÷
î8øZùú
þ*),+À{¼ÂÆ¾HËx¾wÚ/É
à$ÆµyÆÊ/Æ¾
º
Æ<zÅÚÅ>À4â&+áHÉxá$ÊH{å
º
Å;ÃF½¾yIÆ»<¾ÆõÍÝËxvxÆ{É&ØÀ|Ã»{¼.ÅÚÀvx¿{8¼6¾zz|{ÃÄ"¾ÆI»ÃﬃÀ|¾+À|Â{
Ê/Æ¾
º
Æ+Ä"{z|v£¾/»¾;½Î
.-"Æ¾;½:æ0/é1"2Hé4¿Ã&Ñ­á.ó6ÔÙvxÀ7¼Å;ÆÀÂ{6Æ+Ö"{
Å>ÀÀ|zvxÖyÀ|{»À¾'ÅÀzÅ;ÆÃ|v£À|vx¾Æ+vxÆ
â
0 keV
0
80
592
160
1183
240
1775
320
2366
400
2958
480
3549
560
4141
X keV
  Channel
0.1
0.5
1
5
10
50
100
500
1000
5000
10000
50000
Z Hits
Ge AsPb X−rays Ge
Ge
Ga
Ga
Ge
Ga
Ge Ga?
Ge
*
Ga
216 keV backscattering
Ga
As
Ga
511
Ga Ga Ga
132I
Ge
A=81
−nβ
3$465&78:9<;>=ﬁ?@A!BCEDBGFHJIKLA!@EMON!P&H:QRB!AGSTUTVHR@N!SA!HRW@BTV@N!NXY[Z]\_^`Q:CZ]\QRZ]WH:\QRHEabﬁFHc$NGMT_d&CeEZ]\WZ]QR@fBGH:N
B!FH\HRg(e]Z]\H@BhjiYfa]YOkHmlngﬁFZ]QoF,Z]N@qpCjCWQR@\WZ]W@fBGHrDsCAB!FHWHRQ:@tMqCEDﬁuEvxw0\abﬁFH_e]Z]\H@ByEzji{a |VkHLl
QRCfAGA!HRN!P&C\WN>BGC_@VBGA!@\N!Z]BGZ]Cf\}Z]\
uo~E
N$DsH:W`dMVBGFHWH:QR@EMVCED
uo~j
HgﬁFZ]QoF`Z]N$PAGCWSQRH:W}Z]\B!FH^&KL\qWHRQR@EM_CED
uEv

@abﬁFH_@Q:BGZ]Z]BLM_CED
vLo
gJ@N@e]N!CVZ]WHR\BGZ &H:WZ]BQRCfTVHRNJDsA!CT@`PA!HRZ]CSN[N!HRB!B!Z]\p}C\TV@N!NY:hjygﬁFZ]QoF
Z]NﬁCED6BGH:\e]M}SN!HRWq@Nﬁ@}A!HoD6HRA!HR\Q:HﬁZ]\`CSAﬁH:jP0HRA!Z]TVHR\BGN:a
Łt,>V
9:

:46RR46V

_9075

R
6
&46469f9&:98R

R46&
V
9`*04s>4699
RJ9:8
*
8:9

V46U[5
¡ [_¢


9:[9fR8R7>£¤5

R9¥&n;0¦§

§q¨&9o©ª

V*46
&«
0*[5

 
&9¬

"R9f9

>9­[9

¨


 
¦§
]®
¨&9o©¯

46





8:9
6°
>&R469



9±4s(

9¬²³5

:9
RJ9:8R7£´&
6°_V
90

9f8

469

`µ>§j¶±¨09o©·08R8R9fRJ&¸R¹

9,£U&RV46R9fR9

4s>9`º!8R&£


9
Łt,q
:4646
°¬»
;
®  ¼½
:

7R9_46R9:46
°¾«


46

0£¹46

R9ﬁ
°
º

8$

9

fR464s
°
46,

9
¿ÁÀÂ
§`:[9fR8
>¢
U

9q&46469f9*RJ9R8:7£Ã&¹

9`_9

¨
 
¦§
]®
¨&9o©

469q8R98:9R9f:9
46¬
«
&±[5
 
&9q

UR99

5

46¬

9;&¦>§

§_¨&9o©ÄJ9

¨¬

7}9fR



46

465,

99Å46RR9f9º

909


Â&Æ
µ

Â
¨&9o©
&V
9q46:9:4s
°
º

9Á;0¦§

§_¨09o©

4s>9V4s

465

98Ç
°¬
º

:&8ºo}¸R


8R99±

9f8R9EºG08R9¬_9

R:7£¹9*

9È;0¦§

§¨09o©·:8

>R46R46&*:ÉJ9,J9



9
 
¦>§
]®
¨&9o©ª&9

¿
>&

98_9

¨

4s>9

º!&7

U§j¶&µ>§

¶¬¨09o©

3>8R0£¤

46,}9¬>8R&J&:9¬

9U8R9

46£U4s

8
°

>R9

R4609

909

R

9£U9

8R9f8R9:9R9&*J5

¦
q¢
n

46V[5078R9&Êr

46

909

R

9£U9
46`0£¹

8R9UV46



9,8R9fR7

º

9,

9
s
£¹9



7
Ë
R46&UºÌ&4

*ÍÄ4

>9
[Î
§0§:Ï

V
9
°¹
R:7£¹9

¬469f8RVÐ
ŁfÑ
4J&8:9

>



&:9¹9f7R8:&¹

9
6


7_8R97>465,

9`

9>9
R

9R±

9`8:&R0¹08R46

`ÒRÓ_ÔÕÊÖ&×ﬁØÕ>ÊﬁÒRÓ¡ÙÕ

*ÖÚOÛÕ
V
9
°
7:9

¹9£U468R46

9EÜ9fR46&9
46R98

:4s0([R:9"&



8R9Eº!7
6s°
R9

9:9R9±ºV9ÅJ98R46£¹9f

9&9


Î
§µfÏ
¹Ý
9¹º<

9
£¹0Rq4s£U[08R

`8:946:4s0,



9¬9Å4s:R9>9¹º

07

9º`Þ&ß0àá

"â&ß0àá

909


R9f

8

R9fÉ
°
&
6°
¶
 
¨&9o©ãV46



9ÁÞ0ß&à
á



9`5&8:&7>¹R

:9
V
4646



8:4

9_º!8R&£


9Á9fÅJ98:4s£U9

:4s:7

:46&¬46¹

9`9f4s5

[078R465,U46R&:&9
ŁEä
åEæ
¿

äEä


46

46_8R9f46R9

>:7J&R9f¬R
J
&9

â0ß&à¾á¹5&8:&7¸R

R9
Î
µfÏ



J9VR99f¬&,

9V8R465

$

8:Oº[5

¦

¢
R98:9R:465
6°
Ê

9Á098
°
:

8:9
Łt¸,
909

:

9£¹99>79¥ºG8R0£ç

4sV_&8:¨

&¨V8



9f8

46¨&9_

9
ŁEä
¿
9Å[9f8R46£¹9

909

R

9f£¹9_
[
¬

9V

9&8:9R46

09&Ê09Å9Ç4ºﬁ&>9

9fR


9¬4s>9


J
,

98R9U46

;
Æ0Æ
¨&9o©­98R8:&8±46"

9¬9>98R5
°
8R9>4sfR46&(ºG08

9è[8R:,9Å46R9
R

:9
éÝ
Ä

90

98
[
Ê_

9



8:9¹:4s£U4
Ë
8R46
°
J9o_99

9o}"9fÅJ98:4s£U9


9&9

R

9f£¹9V£
°
J9,9ÅR8:9£¹9
s°
£U46

9

>4s>5,79R¬

9

Äê7

:46
°
ºO



_9
[
&9

 
0 keV
0
300
555
600
1109
900
1664
1200
2218
1500
2773
1800
3328
2100
3882
X keV
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